Vhat Is clalJMd 1st 


1. A semoxy subsystea contpriBing 

two nemoxy devices connected in parallel to a bus, 
said bus including a plurality of bus lines for 
cariying substantially all address, data and control in- 
formation needed by said sieiaory devices, 

said^ontrol information including device-select 
information ^ 

said bus detaining substantially fewer bus lines than 
the number of bitsvin a single address, and 

said bus carrying^d^viciBr-select information without the 


need for separate devicerse] 
individual memory /devices . 


t lines connected directly to 


2. The memory /subsystem of clam 1 wherein said bus 

/ /\ \ 

contains at least 8 [bus li^es adapted tp\f arry at least 16 

address bits and at lea^t 8 data bits. 


3. The memory subsystem of claim 1 wherein^faid bus also 
includes parallel lines for clock and power. 


4. A system comprising 

a memory subsystem of claim 1 wherein each bus of siMd 
memory subsystem is connected to its own transceiver device,^ 
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a transceiver bus connecting said transcalvex daylcas. 


a neans for transferring information betiieen Mch of 
Ld bases of said stemory sxibsysteas and said transceiver 
busV i^ereby memory subsystems may be integrated into a 
larger, system having more memory than an individual memory 
subsysti 

5. The syst^ of claim 4 having a plurality of memory 
subsystems . 


6. The system of/cl^alm 4 
device connected to s 


7. The systezQ 


lid 


of cl< 


eel 


urther comprising a master 
r bus. 


6 ^erein said master device is 
selected from the group oonsls^lng^^ a central processing unit, 
a floating point unlt~and a direct memory access unit. 


8. The system of claim 4 further com^lsing a peripheral 
device connected to the transceiver bus, said ^^rlpheral device 
adapted for connection to other devices not on the bus. 


9. The system of claim 8 therein said perlpheral^devlce is 
selected from the group consisting of an I/O interface pdi^, a 
video controller and a disk controller. 
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•'1 


10. Tli« «yst«m of clain 5 wherein said transottivttr bus is 

in a Afferent plane than the plane of the bus of MCh of said 
SMsoxy Subsystems. 


20 


11. TheNsystem of claim 5 wherein the bus of oach memory 
subsystem lies s^stantially in a subsystem bus plane and said 
transceiver bus li^ substantially in a plane orthogonal to said 
subsystem bus plane. 


ig at least two transceiver 
ig a pl\irality of memory 
a first transceiver to said 


12. The system of c] 
buses, each transceiver /bus hi 
subsystem buses connected thrc 
transceiver bus, 

each of said transceiver bu^>^ l^ing further connected to a 
second transceiver adapted to interfaceVto a second-order 
transceiver bus, itfhereby each transceiver ^us is connected 
through said second transceiver to form a second-order 
transceiver bus uziit. 

13. A semiconductor subsystem bus for interconnecting 
semiconductor devices comprising 

a plurality of semiconductor devices connectedViA 
parallel to a bus, at least one of said semiconductpa^ 
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. dovictts being a Bomozy device or e transceiver ^device which 
turn la connected to a Mmory aubsystem, 
aaid bus including a plurality of bus lines for 
carrylJig substantially all address, data and control 
infomation needed by said semiconductor devices, 

saidXcontrol information including semiconductor 
device-seleb^ information, 

said buB^ontaining substantially fewer bus lines than 
the number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate de^ce-selebt lines connected directly to 
individual semiconductbr demcesv, and 


at least one 
conductor device 
being accessible 


modifi^J^fe regie^ter in each of the semi- 
on said'^us, said modifiable registers 

'^aid^uk, vhereby the subsystem can be 


configured using signals transiji^ed on said bus. 

14 . The semiconductor subsystem bus of claim 13 t#herein one 
type of modifiable register is an access -tim\register designed 
to store a time delay after %fhich a device may take some 
specified action on said bus. 


15. The semiconductor subsystem bus of claim 13 further 
comprising a semiconductor device having at least two access-time 
registers and 
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mm of said accttss-tlae raglBtert is peznananUy Frograsmad 


to c^tain a fixed valna and at laast ona of aaid Acoata-tlaa 

* \ 

rBglst«» can be Bodifled by infoxnatlon carried on said baa. 

16. Ttus aemiconductor aubsyatem bus of claim 13 further 
con^riBing a nemory device having at least one discrete a»iDory 
section and also iiaving a modifiable address register adapted to 
store memory address, information i«hich corresponds to each said 
discrete memory sectioi 


17. The semicondi 
said memory address 
Crete memory section] 


jsyste^bus of claim 16 herein 
comprises a pointer to said die- 


18. The semiconductor subsykt^Xbus of claim 16 %^erein 
said discrete memory section has a top ^d a bottom and aaid 
memory address information comprises pointers to aaid top and 
said bottom. 


19. The semiconductor subsystem bus of claim^6 wherein 
said memory address information comprises 

a pointer to said discrete memory section and 
a range value indicating the sise of said discre^ 
memory section. 
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20. 1h« semiconductor snbsystem bus of clala 16 whMrttln 
address registers of each of said discrete Maozy sections 
of eac^ of said iteaory devices connected to said bus are set to 

containV^iemory address information that is different for each 
discrete hfiuaoTy section and such that the highest memory address 
in each dis^ete memory section is one less than the lowest 
memory addressvin another discrete memory section, 

hereby membry may be organised into one or a small number 
of contiguous memozy blocks. 


21. The semicondiipl^r subsystem bus of claim 16 further 
comprising a means for testing each of said discrete memory sec- 
tions of each of said memory ^^ic^s for proper function, and 
for each Inon-f xinctlcSii^^ discrete memory section, a 
means for set'^ing at least oxi^ address register %«hich 
corresponds to^'saidaiscre^ mOT»ory section to indicate that 
said discrete memory section is^non^functibxial, 

for each fimctional discrete mem>My section, a means 
for setting at least one address register %fhich corresponds 
to said discrete memory section to containN^uch 
corresponding address information. 


22. The semiconductor subsystem bus of claim 21 W}\erein 
said address registers corresponding to said discrete memory 
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iiictions are set to provide one contiguous nenory blotik within 
the^eubsystem . 

23X fhe semiconductor subsystem bus of claim 13 wherein one 
of said Bcxiiflable registers is a device Identification register 
which can beVodlf led to contain a value unique to that 
semiconductor Miylce. 

24. The semiconductor subsystem bus of claim 23 wherein 
said device identification register is set to contain a unique 
value which Is a functlonNpf the physical position of that 
semiconductor device either^longN^aid bus or In relationship to 


other semiconductor devices or^ 


>U8. 


25. A bus subsystfem compa^slv 

two semi conducter^evlcesvcohnec ted In parallel to a 
bus, wherein one of said semlcomhic^r devices Is a master 
device, 

said master device Including a mean^f or initiating bus 
transactions , 

said bus Including a plurality of bus li^s for 
carrying substantially all address, data and cozvt^l 
information needed by said devices, 

said control Information including devlce-select 
information. 
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Mid boB containing substantially fsfwvr liMS than the 


iber of bits in a single address « and 


said bus carzying device-select infoxaation ^thont the 
neeOv f or separate device-select lines connected directly to 
individual devices on said bus, irtiereby said aaster device 
initiat^ bus transactions which transfer infomation 
bet%raen said semiconductor devices on said bus. 


26. The bus subsystem of claim 25 wherein one of said 
semiconductor devicesN^s a memory device connected to said bus, 
said memory device havii^ atnl^st one discrete memory section 
and also having a modi^i^able address register adapted to store 
memory address infonp^tion wf^qh corresponds to each said 
discrete memory seel 


lion. 


27. The bus s^systoii' of\clal^26 %fherein one of said 
semiconductor device^-COTiprises a^transceiver device connected in 
parallel to said bus and connected in p^allel to a memory device 
on a bus other than said bus. 


28. The bus subsystem of claim 26 further^^cluding a means 
for said master device to request said memory device to prepare 
for a bus transaction by sending a request packet alcttg said bus, 
said memory device and said master device each having a )itovice- 
intejnal means to prepare to begin said bus transaction during 
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device-internal phase and further having a bus access steans to 
effect said bus transaction during a bus access phase , said 
requ^t packet including 

\ a sequence of bytes containing address and control 
inforsu&tion, 

said control information including information about 
the requested bus transaction and about the access time, 
%ffhich corresponds to a number of bus cycles, %diich needs to 
intervene beforfe beginning said bus-access phase, and 

said address^nformation pointing to at least one 
memory location witntjnronebf said discrete memory sections 
of said memory device. \ 


29. The bus subsystem of 
device includes a meansVto 


Wai 
lans 


im 28 wherein said memory 
control information and 


initiate said device-internal means atva time so as to complete 
said device-internal phase within said a^ess time and begin said 
bus access phase after said number of bus cycles. 


30. The bus subsystem of claim 28 wherein^^aid control 
information comprises an op code. 


31. The bus subsystem of claim 30 wherein said memory 
device includes sense amplifiers adapted to hold a bit pi 
information or to precharge after a selected time and a meahs to 
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ifer a data block during a data block transfer •ither reading 
<**^^«ao «aid memory device or inciting data into said memory 
device^^and 

iriiereln said op code instructs said memory device to 
activate a rete^nse means, said response means including a means 
to 

initiate^a data block transfer, 
select the 6^re of said data block, 

select the tiiile to initiate said data block transfer, 
access a controlNregister, including reading from or 
writing to said controP<regi8^ 


rense 


Qpl 


romplete^ 
/informatioi 


I 


Ln e 


precharge said 
block transfers is 

hold a bit of 
amplifiers after e^ch of said dVt' 
complete, or 

select normal or page-mode access 


frers after each of said data 


ch of said sense 
block transfers is 


32. The bus sxibsystem of claim 31 \*erein\8aid data block 
transfer comprises a read from or a write to memoiy within a 
single memory device. 


33. The bus siibsystem of claim 28 further comprising a 
means for said master device to send control information t6. a 
specific one of said semiconductor devices on said bus by 


High Performance Bus Interface -72- 


eluding in said request packet a device identification number 
ique to said, semiconductor device. 


34 .\ The bus subsystem of claim 28 further comprising a 
means for said master device to send control information to a 
selected one b^f said discrete memory pozrtions by including in 
said request padket a specific memory address. 


35. The bus siiB^y. 
means for said masted device 
substantially all jemlconHuct 
in said request packet a S] 
vhich is recognijked by said 


of claim 28 further comprising a 
send control information to 
evices on said bus by including 
/al device identification number 
conductor devices. 


36. The busVsubsy^em ^ claim\28 wherein said control 
information specifies directly or~indi^ctly the number of bus 
cycles for said master device and said mes^ory device to vrait 
before beginning said bus access phase. 


37. The bus sxibsystem of claim 36 wherein, ^or a data block 
transfer, said master device and said memory device\use the same 
access time and same data block size regardless of whether said 
data block transfer is a read or write operation. 
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38. The bus subsystem of claim 28 %?herein said control 
infbnnation fxurther includes a block-si«e value that encodes and 
speci^es the size of the block of data to be transferred, 

39. *Bhe bus subsystem of claim 38 wherein said block-sire 
value is enc^ed as a linear value for relatively small block 
sizes values arid is encoded as a logarithmic value for relatively 
larger block sizeV^. 

40. The bus subsj^tem of-daim 38 wherein said block-size 
value is encoded using bits, and where the encoded value is 



Encoded Value 


ock Size rsvtes^ 


41. The bus subsystem of claim 26 wherein said memoj 
device is a DRAM device containing 

a plurality of sense amplifiers. 
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a means to hold said sense amplifiers in an unmodified 
state after a read or %n:Lte operation, leaving the device in 
mode, 

a means to precharge said sense amplifiers and 
avmeans for selecting whether to precharge said sense 
amplif ieli;;8 or to hold said sense amplifiers in an luunodified 
state. 


42. The bus subsystem 
packet comprises an eve 


of claim 28 wherein said zrequest 
bytes. 


43. The bus subsystem 
for generating and c6ntrollin? 
which said bus carribs said 
information, and wherfeln..^tem^e s 


aim 28 further including a means 
plurality of bus cycles, dxxring 
data and control 
d bus cycles are designated 


odd cycles and even cycles, respectlArelV# and wherein said 
request packet begins only on an even cycl^ 


44. The bus subsystem of claim 28 further ii\cluding a means 
for generating ECC information corresponding to a bxc^k of data 
and a means for using said ECC information to correct errors in 
storing or reading said block of data, wherein said ECC 
information may be stored separately from said block of dataV 
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45. The bus subsystem of claln 44 further coo^rlsing at 
leakt t%fO of said memory devices %^erein said ECC Information and 
■aid cSs^presponding block of data are stored in a first and a 
second said memory device, respectively, and said master device 
includes a means to write or read said block of data with error 
correction by sending separate ones of said request packets for 
said ECC information and for said corresponding block of data. 


46. A bus subsystem comprising 


a memory device\an<^/a 
parallel on a bus, 

a means foxf sai 
packet and initiate a 

a means for sai 


ister device connected in 


ster device to send a request 
^ transaction and 
srer device to keep track of 
current and p^dii^i^ busVtranaactions , 
said bus including a pltirality^f bus lines for 
carrying substantially all address, data and control 
information needed by said memory deviceX, 

said bus containing substantially fewea^ lines than the 
number of bits in a single address, and 

said bus carrying device-select informatioi^ithout the 
need for separate device-select lines connected di^ctly to 
individual devices on said bus, whereby said master o^evice 
initiates bus transactions which transfer information 
between devices on said bus and collisions on said bus are 


High Performance Bus Interface -76- 


\ avoided because said master device avoids Initiating bus 
transactions %?hlch would conflict with c\irrent or pending 
bas\ transactions . 

47. The. bus subsystem of claim 46 having at least two of 
said master devices and including 

a colliWon detecting means whereby a first said master 
device sendlng\a first said request packet can detect a 
second said master device sending one of said colliding 
request packets, wh^e one of said said colliding request 
packet may be sent slWl^aneousN^ith the initial sending of 
or overlapping the seridihg of ^ald first request packet, and 

an arbitration; means v^r^y said first and said second 
master devices selfect a pj^oritySorder in %^ich each of said 
master devices willsbe^llowed to access said bus 
sequentially. \ 

48. The bus subsystem of claim 47 idierein^ach of said 
master devices has a master ID number and each of^ald request 
packets Includes a master ID position which is a predetermined 
niimber of bits in a predetermined position in said reqi^st 
packet, and wherein said collision detection means comprises 

a means included in each master device for sendlngXa 
request packet including said master ID ntjmber of said \ 
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\ naBter device in said master ID position of said request 

\ a means to detect a collision and invoke said 
arbiWation means if any master device detects any other 
master^D niunber in said master ID position. 

49. The busVsubsystem of claim 47 %»herein each of said 
master devices incites 

a means for\ending a request packet, 

a means for driving a^selected bus line or lines during 
at least one selectedNb^ cycleWhile said request packet .is 

being sent, / \ /n\ 

a means for mG^itoringxsjOd selected bus line or lines 
to see if a said toaster devl&. is sending a colliding 

request packet and / \ 

a means for\infoWng all other master devices that a 
collision has occurred and for^invokil<^ said arbitration 
means . \ 

50. The bus subsystem of claim 47 wherein each of said 
master devices includes \ 

a means, when sending a request packet, to <u?ive a 
selected bus line or lines with a certain current d^ing at 
least one selected bus cycle, \^ 
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a ttttans for aonltoring said selected bus line or lines 
a greater than normal current to see if another master 
de'^ce is driving that line or lines, 

a\ineans for detecting said greater than normal current, 

and 

a meank for informing all said master devices that a 
collision has \ccurred and for invoking said arbitration 
means, 


20 


51. The bus sxibsystem^^f claJ 
means comprises 

a means for inj^tiating 
a means for al^ocatinjc 
device during at 


t7 %«herein said arbitration 

arbitration cycle, 

gle bus line to each master 
bus cycle relative to 



the start of said arbitration cycle, 

a means for allocating each master ^evice to a single 
bus line during one of said selected bus c^les if there are 
more master devices than available bus lines ,^ 

a means for each of said master devices whi^h sent a 
colliding request packet to drive said bus line allocated to 
said master device during said selected bus cycle, 

a means in at least one of said master devices for' 
storing information about which master devices sent a 
colliding request packet. 
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«^ereby said master devices can monitor selected bus 
lines during said arbitration cycle and identify each said 
master device %diich sent a colliding request packet. 


52. The "bus subsystem of claim 47 wherein said arbitration 
means comprises 

a means included in a first one of said master devices 
which sent colliding request packets for identifying each of 
said master devicesX^ich sent colliding request packets, 
a means for assidnino^ privity to each said master 
device which sent a coXiiding request packet, and 


a means for allowing e 
a colliding request /packet to^ 
according to that priority. 


paster device which sent 
ic^ess the bus sequentially 


53. The bus subsystem of claim\52 wherein said priority is 
based on the physical location of each of sa\d master devices. 

54. The bus subsystem of claim 52 wherein s^d priority is 
based on said master ID number of said master device) 

55. The bus subsystem of claim 52 wherein each of sai^ 
master devices includes a means, when sending a colliding request 
packet, for deciding %«hich master device can send the next 
request packet in what order or at %»hat time, whereby no master 
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de^c« Bay sexxd a new request packet until responses to each 
pending request packet have been completed or scheduled. 

ii^6. A bus subsystem comprising 

a plurality of semiconductor devices connected in 
parallel tb a bus, 

said busN^ncluding a plurality of bus lines for 
carrying s\ibstai^ially all address, data and control 
information needed^by said semiconductor devices, 

said control infdnnatidh intruding device-select 
information, 

said bus contaiiu.ng substantially fewer lines than the 
number of bits in a single 9fdd£<e8s, 

said bus carri^ing said devic^select information with- 
out the need for eepax^e device-select lines connected 
directly to individual semiconductor de\ices, 

said semiconductor devices including ^ reset means 
having an input and an output, the output of\the reset means 
of one semiconductor device being connected to^the input of 
the reset means of the next semiconductor device Nln series. 


57. The bus subsystem of claim 56 further including 
reset means comprising 

a means for generating a first and a second reset 
signal. 


item 
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\ a Beans for passing said first reset signal to a first 
of said semiconductor devices and then to siibseqnent ones of 
said seialconductor devices in series and 

av.neanB for passing a second reset signal to said first 
semlconauctor device and then to said subsequent 
semiconductor devices In series, 
said bus subsystenK Including one of said semiconductor devices 
containing \ 

a device Identification register adapted to contain a 
number unique to salH^ semiconductor device within said bus 
subsystem, \^ 

a device Identification register setting means, and 

a device reset means for resetting said semiconductor 
device to some desired, known/reset state In response to 
said first reset sibnal anja fob setting said device 
identification registgfin resJ>onse\to said second reset 
signal, \ \ 

tdiereby said bus subsystem can^-be reset to a known 
reset state with a unique device Identlf ica^on value In 
said device Identification register of each ofvsaid 
semiconductor devices. \ 

58. The bus subsystem of claim 57 wherein said desired, 
Jaiovm reset state is %^ere all registers in the semiconductor, 
device are cleared and the state machines are reset. \ 
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59. The bus sxibsystein of claim 57 i^erein said device 
identification register setting means comprises 

a means for detecting said second reset signal, 
aNneans for reading a device identification number from 
said bus lines at a specific time relative to said second 
reset signalNand 

a means for\8toring said device identification number 
in said device ideih^ficat^pn register of said semiconductor 
device . 


60. The bus sub 
signal comprises mult/lple 
identification settin 

a means for in 


stem of cl^lm 57 wherein said second reset 
pulse^ segu^ces and wherein said device 
means/includes 

aid pu^e sequences as a 


erpretlng 
device identification n\imber and 

a means for storing said device identification nimber 
in said device identification register of salX semiconductor 
device . 


61. The bus subsystem of claim 57 \rtiereln said device, reset 
means comprises an n-stage shift register capable of storing >n- 
bit values, wherein said device reset means interprets a specl^c 
value in said shift register as said first reset signal and 
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interprets a specific value in said shift register as said second 
reset signal. 

62. The bus subsystem of clain 57 v^erein one of said 
semiconductor devices is a master device, said master device 
including a means for generating said first and said second reset 
signals. 

63. The bus siibsystem of claim 57 %dierein one of said 
semiconductor devices is a master device, said master device 
including 

a master ID register, 

a means for assigning a master ID number to said master 
device and 

a means for storing said master ID nxunber in said 
master ID register. 

64. The bus siibsystem of claim 63 further comprising a 
second one of said master devices, and a means for a first one of 
said master devices to assign a master ID ntunber to substantially 
all other said master devices, vrtiereby said first master device 
assigns one of said master ID nximbers to each of said master 
devices on said bus subsystem and each said master device stores 
said assigned master ID number in said master ID register. 
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65. The bus subsystem of claim 57 %ffherein one of said 
semiWKluctor devices includes a device-type register adapted to 
contain an identifier characteristic of that type of 
semicondux^tor device, and one or more modifiable registers, at 
least one ol %»hich is an access-time register adapted for storing 
access times. 


66. The bus siibsystem of claim 65 wherein one of said 
semiconductor devices^s a master device having 

a means for selecting a semiconductor device, 
a means for readi'Hg >ai4^device-type register of said 
selected semi conduct oaf dbyice^ 


a means for de 
selected semicondu 
a meeuis for d 


acci^ss-time values appropriate 
and for storing said 
registers of said 


(erminin'W ihe device type of said 
tor devi< 
!termining\ 
for said selected s'femicwiduct^r device 
access-time values in said acces^HtJ 
selected semiconductor device, and 

a means for selecting and storing othfetr values 
appropriate for said selected semiconductor device in 
corresponding registers of said selected semicdfiductor 
device, 

whereby said master device can select a semiconductor 
device, determine what type it is, and set said access-time 
and other registers to contain appropriate values 
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67. The bus subsyBtem of claim 66 further coo^rlsing a 
>ry device having at least one discrete memory section aiul at 
least^e modifiable address register adapted to store memory 
address information which corresponds to each of said discrete 
memory secticms, and 

said master: device further comprising a means for selecting 
and testing each o^^ said discrete memory sections and a means for 
storing address inforaation in said address registers 
n corresponding to each of\said/d±«crete memory sections, vhereby 
ijt said master device can testVall said discrete memory sections and 
m assign unique address values thereto. 

''"^^ 68. A bus subsystem compj^ii^ing^ 

5==^ two semiconductoa^jieviceB coro\ected in parallel to a 

bus, one of said semiconductor a^vice^ being a master 

=J device, 

said bus including a plurality of buB\data lines for 
carrying substantially all address, data andXcontrol 
information needed by said semiconductor device^ 

20 said control information including device-se^ct 

information, 

said bus containing substantially fewer of said bui 
data lines than the number of bits in a single address, anc 
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•aid bus carrying device-select information without the 
for separate device-select lines connected directly to 
individual semiconductor devices, 

»rein all of said bus data lines are terminated 
transmission lines and all of said address, data and control 
infozmation\.s carried on said bus data lines as a 
sequential series of bits in the form of low-voltage-swing 
signals . 


69. The bus subsysteim of claim 61b further comprising a 


semiconductor device including >a c 
drive one of said bus data lines. 


rrenn-mode driver connected to 


70. The bus subsystem o^claii^ 69\further comprising a 
semiconductor device hav'ing^a means to measure the voltage of 
said low-voltage-Bwing signals on a select^edvone of said bus data 
lines, whereby said semiconductor device cem d^ermine whether 
zero, one, or more than one of said current -mode i^ivers are 
driving said selected bus data line. 


71. The bus subsystem of claim 70 further comprising^a 
semiconductor device having 

a plurality of input receivers connected to one of sii^d 
bus data lines, and 
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• 


m 


a selection xoeans for selecting said Input receivers 
one by one to sense and store, one at a tine, the bits of 
K^ld sequential series of bits. 

72. ^e bus subsystein of claim 70 further comprising a 
semiconductor, device having t\ro Input receivers connected to one 
of said bus data lines. 


73. A bus subs^tem comprising 


two semlcondirG^tor 
bus having a first 
bus clock line, s 
ends corresponding to said 
bus, respectlvelly, 

a clock gen 
bus clock line to generate 


connected In parallel to a 
a second ^nd, said bus Including a 

ik line having first and second 
Irst and second ends of said 


earli 


vto said first end of said 
clock signals with a 


normal rise time, and 

signal return means at said second e(nd of said bus 
clock line to return said early bus clock signals to said 
first end of said bus as corresponding late bks clock 
signals, 

whereby each of said early bus clock signals 
propagate from said clock generator along said clockXllne 
starting* from said first end to said second end of salON^s 
and then return at a later time to said first end of said 
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baB as a corresponding late bus clock signal, whereby each 
Lconductor device on said bus can detect said early. bus 
clo^ signals and said corresponding late bus clock signals. 

74. The bus subsystem of claim 73 further comprising a 
first and a secorid said bus clock line having first and second 
ends at said first\nd said second ends of said bus, 
respectively, vherein^aid signal return means directly connects 
said second ends of said\f irst and said second bus clock lines 
vhereby each of said early\u/^l^k signals will propagate from 
said clock generator at saW lirs^ ^d of said bus along said 
first bus clock line to /aid eetdkd end of said bus and then 
return on said second hLe clo<4 lin\to said first end of said 


bus as one of said corzf^sponding 


late bus clock signals 


75. The bus subsystem of claim 73 whe^^.n said signal 
return means comprises said first bus clock lirie without a line 
terminator at said second end thereof whereby eac\of said early 
bus clock signals reaching said second end of said fV«t bus 
clock line will be reflected back along said first bus\^ock line 
as said corresponding late bus clock signals. 
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The bus subsystem of claim 73 further con^rislng 
a means for operating said bus in bus cycles timed to 
have\a certain bus cycle frequency and a corresponding bus 
cycle period and 

a means for operating said clock generator with a 
period of twice the bus cycle period. 

77. The bus si^ystem of claim 76 v^erein said bus cycle 
frequency is greater th^n approximately 50 MHz and less than or 
equal to approximately 5Gi 


78. The bus subsysjilem of\clQ^im 
semiconductor device haVing an i^emai' 
means to derive the midpoint timp between 
corresponding late bus clocK signals 
device clock synchronized to said 


further including a 
device clock generating 
said early and 
d to generate an internal 
time. 


79. The bus subsystem of claim 73 furtlW including a 
semiconductor device having a low-skew clock generator circuit 
con^rising 

a first delay line having an input, an outkut and a 
basic delay and means for synchronizing the outpu^of said 
first delay line with said early bus clock signal, 

a second delay line having said basic delay plus 
viiriable delay, said second delay line having an output and 
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a »ean8 for •ynchroni«lng the output of said second delay 
le with said late bus clock signal, and 

a third delay line having a third delay and a means to 
set ^id third delay midway between the delays of said first 
and secbnd delay lines, said third delay line having an 
output whibh provides an internal device clock signal 
synchroniEed\o a time halfway between said early and said 
late bus clock signals. 


ween 


of claiitt 73 wherein said early and 
jiw-voltage-Bwing signals that 
and high logical values, and 


80. The bus siibsyst 
said late bus clock sign 
transition cyclically be 

further including a semi conduc/oi:\evice having a low-skew clock 

generator circuit compri\ 

a DC amplifier to convert^aik early and said late bus 
clock signals into full-swing logic- signals , 

a first variable delay line having\a first variable 
delay and an input and an output, the inp\it of said first 
variable delay line being connected to said^ amplifier 

a first, a second and a third additionalN^lay line, 
each having an input and an output, the input of\each of 
said additional delay lines being connected to theN^tput of 

said first delay line, 

said first additional delay line having a fix« 

delay. 
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\ said second additional delay line having eaid 

\ fixed delay plus a second variable delay, mnd 
\ said third additional delay line having said fixed 

delW plus one half of said second variable delay, 

a fir^ clocked input receiver connected to sample said 
early bus clbck signal and gated by said output of said 
first additional delay line, 

a means for adjusting said first variable delay so said 
first clocked input\receiver samples said early bus clock 
signal just as said early buB-el^ck signal transitions, 

a second clocked iwput receiver connected to sample 
said late bus clock sidnaKand g^^ted by said output of said 
second additional delay lineY 

a means for adjusting saJ 
said second clocked input receiv^samples said late bus 
clock signal Just as said late bus e^^ock signal transitions, 

whereby said output of said third\dditional delay line 
is synchronized to a time halfway betweeiKsaid outputs of 
said first and said second additional delay^lines, and said 
output of said third additional delay line prtf^des an 
internal device clock signal. \ 


f econd variable delay so 


81. The bus subsystem of claim 80 further comprising a 
semiconductor device having 
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a first one of said low-skew clock generator 
circuits %^ich generates a "true" internal device clock 
signal and 

a second one of said low-skew clock generator 
circuits connected to generate a "complement" internal 
devic^ clock signal synchronized with but opposite in 
logicalNralue to said "true" internal device clock 
signal. 


82. A DRAM device d^ 
bus having a plurality of b 
all address, data and contr^ 
device as a sequential se 
including device-select 
substantially fewer said 


igned to be connected to an external 
'lines^or carrying substantially 
^formation needed by said DRAM 
les ofNfe>/ts, said control information 
'nformat/<^n\ said external bus containing 
bus llne^ th^ the number of bits in a 
single address, arid said bus carryihg^deyice-select information 
without the need for separate device-selecV lines connected 
directly to said DRAM device, said DRAM device comprising 

an array of memory cells connected in^ows and columns, 
each of said memory cells adapted to store on'^ of said bits, 
a row address selection means for selecting\one of said 
rows, 

a column sense eunp connected to each of said colvmns, 
each of said column sense amps adapted to latch one of wid 
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# 


bitB as a binary logical value or to precharge to a selected 
^state, 

a colxunn decoding means connected to each of said 
colu^ sense amps for selecting a plurality of said column 
sense Mps for inputting one of said bits to or outputting 
one of saia\bit8 from said memory cells, 

an interikl I/O bus having a plurality of internal I/O 
lines wherein ea^ of said internal I/O lines is connected 
to a plurality of sHid caiman sense amps, and 

a plurality of bSs connection means designed to connect 
said internal I/O /ines to 8aid\extemal bus. 


whereby a selected bit 


spf said sequential series of 
bits can be tran^ferrec/fr<fm\aid external bus to a selected 
one of said memoi^-CellB oi saidXbit contained in a selected 
one of said memory cells can\^etrknsferred to said external 
bus . 


83. The DRAM device of claim 82 further dsmprising 

an output driver connected to one said b^s connection 
means, 

an output multiplexer having an output conne^d to 
said output driver and a plurality of inputs, each of said 
inputs being connected to one of said internal I/O line^ 
and 
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\ a control means to select %»hether said output driver 
can^^drive said external bus, 

%m€(reby a plurality of memory cells are selected using 
said row address selection means and said column decoding 
means and a plurality of bits contained in said plurality of 
memory cells are\mtput through said column sense amps to 
said internal I/O bus^to sa^^-o^tput multiplexer to said 
output driver to said M^mal but^. 

84. The DRAM device/of claimXB? further comprising 

a plurality of/ input receivers connected to one of said 
bus data lines and^to^^afid intemal^/0 bus, 

a selection means for selecting \aid input receivers 
one by one to sense and store, one at a\time, the bits of 
said sequential series of bits, and \ 

a control means to select whether an infeut receiver can 
drive said internal I/O bus, lirtiereby a bit of said 
sequential series of bits is input from said external bus 
through one of said input receivers to one of said iJa^mal 
I/O lines to one of said column sense amps to one of said 
memory cells. 
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s85. The DRAM device of claim 82 further con^rlsing 

a first and a second half -array of said neaory cells 
iiherein each said row of said array of said memory cells is 
subdivided into two parts, 

a first and a second one of said internal I/O buses 
connected tOv said column sense amps in said first and said 
second half -arrays, respectively, and 

a col\imn decoder means to gate selected ones of said 
column sense amps connected to said memory cells in a 
selected row of said\|^rft~^tn^ said second half -arrays 
simultaneously. 

86. The DRAM device of cle&m 85 wherein said coloimn decoder 
means selects sixteen column sense amps at a time. 

87. The DRAM device of claim 82 whfe^reln said external bus 
operates at a certain speed and wherein said DRAM device includes 
four of said internal I/O buses, each of whl6^ operates at one- 
foxurth the speed of said external bus. 


88. The DRAM device of claim 82 fvirther comprising 

a means for precharglng one of said column hense amps 
to a precharged state from which a binary logical t^lue can 
quickly be loaded into said column sense amp. 
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if said column sense an^ contains a binary logical 
^ne, a means for latching the logical value currwitly 
contained in said column sense amp and 

Xmeans for instructing said DRAM device to precharge 
said colhunn sense amp or latch said binary logical value in 
said column sense amp. 

89. The DRAM df vice of claim 88 further comprising a means 
for instructing said bRAM device to precharge said column sense 
amp without further ins^uction whenever said row address 
selection means selects a^different one of said rows. 


90. The DRAM dev 
for instructing said 
amp without further . 
preselected time aftsr late 
value, said first pre 


of c] 


nstructi 


at 


ig the 


cted time 


88 further comprising a means 
o precharge said coliimn sense 
first or a second 

^est said binary logical 
ong enough for said 


DRAM to latch said binary logical value in€b said column sense 
amp and transfer said binary logical value in^ memory or onto 
one of said internal I/O lines, and said secondVeselected time 
being a variable which can be stored in said DRAMWice whereby 
said DRAM can latch a binary logical value into saidWjlumn sense 
amp for transferring said binary logical value into orXout of a 
selected said memory cell, then precharge to allow a fasi 
svibseguent read or write. 
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A paclcage containing 
\ a eeai conductor die having a side, circuitry and a 
plurality of connecting areas positioned along or near aaid 
aide, sp^ed at a selected pitch and connected to said 
circuitry, \ 

said package comprising a plurality of bus connecting 
means for connecting to a pl\xrality of external bus lines, 
each of said external bus lines corresponding to one of said 
connecting areas, each of said bus connecting means being 
positioned on><^ f irs^ side of said package, 
connected tot onV said, external bus line and to 
said corresponding connfeic^ing area on said 
semiconductor die, and/ / \ 

spaced at k^pi^ch Jubstkntially identical to said 
selected pitch of said comiectihg areas, 
%diereby each of said external buslines can be 
connected to said corresponding connecting area on said 
semiconductor die by bus connection means jKxsitioned along a 
single side of said package. \ 

92. The package of claim 91 further comprising a plurality 
of said bus connecting means wherein each of said bus connecting 
means includes \ 

a pin adapted ^or connection to one of said extemalX 

bus lines and 
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a wire connecting said pin to one of said connecting 
^axeae on said semiconductor die, 

saia wire having an effective lead length less than about 4 
nillimet^s and wherein the effective lead length of said wire of 
each of said bus connection means for said package is 
approximatelySequal . 


93. A plurality of packages of claim 91 wherein at least 
two of said semiconductor die are memory devices, each of said 
packages being generally flat, having a top and a bottom, and 
wherein 

said packages are physically secured adjacent and parallel 
to each other in a stackj^ 


where a first one 



ages is adjacent to a second 
top of said first 
.d bottom of said second 


one of said packages in 
package is substantiall 
package, and 

said bus connecting means of each of s^id packages are 
substantially aligned and are lying substantially in a plane. 


94. The plurality of packages of claim 93 further 
comprising a plurality of stacks %dierein each of said^us con- 
necting means can be electrically connected to corresponding said 
bus connecting means in each of said stacks. 


25 
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95. A semicondnctor device capable of use in a semi- 
cond\lctor bus architecture including a plurality of ■emiconductor 
deviceXconnected in parallel to a bus wherein said bus includes 
a pluraliW of bus lines for carrying substantially all address, 
data, contrdl and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer^bus lines than the number of bits in a single 
address, and carries d^ice-^eiect^ information for said 

ed for a separate device- 
4aid individual semiconductor 
^ comprising 

d to connect said semiconductor 


Lrectly 


semiconductor device wi 
select line connected 
device, said semicondiictor de 
connection 


ut the nj 


leans adi 


»U6i 


device to said 

at least one modifiable id^^ification register 
accessible to said bus through said\connection means, 
whereby data may be transmitted to said register via said 
bus and enable said device thereafter to\|>e uniquely 
identified. 


96. The semiconductor device of claim 95 whereiri\Baid 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over 
bus. 


lid 
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97. A semiconductor device capable of use in a •aaai- . 
cond^tor bus architecture including a plurality of aemiconductor 
devicesNconnected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer\bus lines than the number of bits in a single 


^vice-select information for said 
without^ the need for a separate device- 


Ly to said individual semiconductor 
Lee/ compr i s ing 

to connect said semiconductor 


address, and carries 
semiconductor device 
select- line connected dire( 
device, said semiconductor devl 

connection meaijls adap):^e 
device to said bus, I and 

at least one modifiable ^gitft^er to hold device address 
information, said modif iableredister accessible to 
said bus through said connection m^ns, whereby data 
may be transmitted to said register via said bus %rtiich 
enables said device thereafter to respom^ to a 
predetermined range of addresses < 


98. The semiconductor device of claim 97 wherein sai^d 
semiconductor device is a memory device which connects 
sxibstantially only to said bus and sends and receives 
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^wabstantially all address, data and control information over said 
btt^ 


99. ^he semiconductor device of claim 98 wherein said 
memory devic\has at least one discrete memory section and also 
has at least on\ modifiable address register adapted to store 
memory address information which corresponds to each said 
discrete memory section. 


100. The semiconductc 
memory address information 
memory section. 


^prises 


f claim 99 wherein said 
pointer to said discrete 


101. The semiconductjor dev/ce bl claim 100 wherein said, 
discrete memory section hW^ top ai\dV bottom and said memory 
address information comprises pointerVto\8aid top and said 
bottCB. 


102. The semiconductor device of claim 100 i^ierein said 
memory address information comprises 

a pointer to said discrete memory section 
a range value indicating the size of said discrete 
memory section. 
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103. A semiconductor device capable of use in a semi- 
condu^or bus architecture including a plurality of semiconductor 
devicesfepnnected in parallel to a bus %#herein said bus Includes 
a pluralitVof bus lines for carrying substantially all address, 
data and cont^>l information needed by said semiconductor device 
for communicatidn with sxibstantially every other semiconductor 
device connected tb said bus, and has substantially fewer bus 
lines than the numbe\^of bits in a single address, said 
semiconductor device ccdro^ising 

connection me^s\*dap^s^ to connect said semiconductor 

device to said bus, and 

at least cjne. modi/ie(^ access-time register accessible 

cormection means, %»hereby data may 


to said bus through/said 


be transmitted to' said register\via said bus %mich 
establishes a predeterminedNamount\of time that said 
semiconductor device thereafter mustN^ait before using said 
bus in response to a request. 


104. The semiconductor device of claim 103 %rtieij^n said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information ove^said 
bus. 
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r05. The semiconductor device of claim 103 fxirther 
comprlBin^at least two access-time registers and one of said 
access-time tsegisters is permanently programmed to contain a 
fixed value and\^t least one of said access-time registers can be 
modified by infonn^tion carried on said bus. 


106. A semiconductor device capable of use in a semi- 
conductor bus architecturXincluiiing aVplurality of semiconductor 
devices connected in parallekto a bus Wherein said bus includes 
a plurality of bus lines f or /ca^yi^ substantially all address, 
data, control and device-select inj^rmation needed by said 
semiconductor device for co^unije^atili^ substantially every 
other semiconductor device ir©Tihected\to\aid bus, and has 
substantially fewer bus lines than theinmber of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a senate device- 
select line connected directly to said indtvidual\6emiconductor 
device, and wherein each said bus line is a terminal^ 
transmission line, said semiconductor device comprisii 

connection means adapted to connect said semiconductor 

device to said bus, and 

a bus line driver capable of producing a low-volta^- 
swing signal on one of said terminated transmission lines 


High Performance Bus Interface -104- 


^107. The gemiconductor device of claim 106 %»herein said 
semiconductor device is a memory device vhich connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 
bus. \ 

108. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines f ok carrying substantially all address, 
data, control and device-seledtinformtion needed by said 
semiconductor device for commuiiibation Wth substantially every 
other semiconductor device cdnnecteaf to said bus, and has 
substantially fewer bus line's tlwm th\number of bits in a single 
address, and carries device-select infofli^tion for said 
semiconductor device without the nee\i for \ separate device- 
select line connected directly to said individual semiconductor 
device, said bus further including at least one^bus clock line 
for carrying early and late bus clock signals, said semiconductor 

device comprising \ 

connection means adapted to connect said semiJsonductor 

device to said bus, and \ 

an internal device clock generating means irtxich \ 
generates an internal device clock synchronized to a time\ 
halfway between said early and sa^d late bus clock signals. 
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109. The »eaiconductor device of claim 108 %»herein said bus 
further includes a first and a second one of said bus clock 
lines , \aid first bus clock line carries said early bus clock 
signal anci said second bus clock line carries said late bus clock 
signal, saiassemiconductor device further comprising a means to 
detect said eak;ly bus clock signal on said first bus clock line 
and a means to d^ect said late bus clock signal on said second 
bus clock line. 


110. The semiconductor 
semiconductor device i 
substantially only tfS said 
substantially all a'ddress 
bus. 


device of claim 109 %«herein said 
,emory device which connects 

and sends and receives 
tiataVand control information over said 


111. A semiconductor devi^e^apab3^ of use in a semi- 
conductor bus architecture including a ^^ality of semiconductor 
devices connected in parallel to a bus whekein said bus includes 
a plurality of bus lines for carrying as a s^miential series of 
bits substantially all address, data, control ai^ device-select 
information needed by said semiconductor device «^r communication 
with substantially every other semiconductor deviceXconnected to 
said bus, and has substantially fewer bus lines than the number 
of bits in a single address, and carries device-select 
information for said semiconductor device without the neea for a 
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^parate device-select line connected directly to said individual 
mductor device, said semiconductor device comprising 

connection means adapted to connect said semiconductor 
devibe to said bus, 

a pj-urality of input receivers connected to one of said 
bus data xines and 

a selec^on means for selecting said input receivers 
one by one to s^ense and store, one at a time, the bits of 
said sequential serieX of bits. 


112. The semicond 
semiconductor device 
substantially only to said 


bus . 



f claim 111 %^erein said 
ce %^ich connects 
ds and receives 


substantially all address/ data and\control information over said 


113. The semiconductor device of claik 112 wherein two input 
receivers are connected to one of said bus l^nes. 


114. A semiconductor device capable of use irt\an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bu8\wherein 
said bus system includes a plurality of bus lines for carlq^ing 
substantially all address, data, control and device-select 
information needed by said semiconductor device for communication 
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vvith Bubstantially every other semiconductor device connected to 
•ttid «y«tem bus, and has sxibstantially fewer bus lines than the 
number of bits in a single address, and carries device-select 
informa^on for said semiconductor device without the need for a 
separate dfeyice-select line connected directly to said individual 
semiconductor\device, said semiconductor device comprising 

connection means adapted to connect said semiconductor 
device to said system bus, 

an interna iNJ-nput /output bus within said semiconductor 
device having more\Lifies~than said system bus, and 

a means for miiltWeacing the lines of said internal bus 
to the lines of said system bus, whereby said system bus can 
run at a higher sbeed/thin\aid internal bus. 

115. The semiconductor devitee of^laim 114 wherein said 
semiconductor device is a memory device\rtiich connects 
substantially only to said system bus and sends and receives 
substantially all address, data and control ix^ormation over said 
system bus. \ 


116. A semiconductor device capable of use in 
architecture for a semiconductor system bus including i\plurality 
of semiconductor devices connected in parallel to a bus wl^rein 
said system bus includes a plurality of bus lines for carryii 
substantially all address, data, control and device-select 
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urination needed by said semiconductor device for coamxinication 
with i^ibstantially every other Bemiconductor device connected to 
said sys^tem bus, and has substantially fewer bus lines than the 
number of D^ts in a single address, and carries device-select 
information £bx said semiconductor device without the need for a 
separate device-lRelect line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection m^ns adapted to connect said semiconductor 

device to said systc 

an internal input)jOutput bufi within said semiconductor 
device having more lines than said system bus, 

a means for mu/tipleXink the lines of said internal bus 
to the lines of said systjem busV whereby said system bus can 
run at a higher spleed than\8aid internal bus, and 

at least one modifiable identif lotion register 
accessible to said system bus through sl^d connection means, 
whereby data may be transmitted to said register via said 
system bus and which enables said device thereafter to be 
uniquely identified. 


117. The semiconductor device of claim 116 wherein^^aid 
semiconductor device is a memory device which connects 
substantially only to said system bus and sends and receives^ 
substantially all address, data and control information over sal^ 
system bus. 
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\ K semiconductor device capable of use in an 

a^hitecture for a semiconductor system bus including a plurality 
of sWconductor devices connected in parallel to a bus vherein 
said sWem bus includes a plurality of bus lines for carrying 
substanti^y all address, data, control and device-select 
information\eded by said semiconductor device for communication 
with substantiaHy every other semiconductor device connected to 
said system bus, a^^has substantially fewer bus lines than the 
number of bits in a iWle addr^s, and carries device-select 
information for said se^nductok device without the need for a 
separate device-selectAinKconnect\d directly to said individual 
semiconductor device, /said e^i^ondultox device comprising 

connection Leans ad/^ to connect said semiconductor 

device to said iBystep/bus, \ 

an intemalli^ut/oJtput b\within said semiconductor 
device having more lines than saidVrstem bus, 

a means for multiplexing the lir^^ of said internal bus 
to the lines of said system bus, where^aid system bus can 
run at a higher speed than eaid internal b^, and 

at least one modifiable register to hol^device address 
information, said modifiable register accessib^to said 
system bus through said connection means, wherebyN^ may 
be transmitted to said register via said system bus wh|xh 
enables said device thereafter to respond to a predetermined^ 
range of addresses. 
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119. The Eemiconductor device of claim 118 lAerein said 
•^micoodnctor device is a memory device which connect* 
•ubs^tially only to said eystem bus and sends and receives 
substa^lally all address, data and control information over said 
systea bai 

120. The sWconductor device of claim 119 wherein said 
memory device has\t least one discrete memory section and also 
has at least one mod^iable address register adapted to store 
memory address informatl^whichN^rresponds to each said 
discrete memory section. 


l^ri. A semiconductor dev 


capable of use in an 


architecture for a s^coi^Kictoi ^stem bus including a plurality 
of semiconductor devices connected l^parallel to a bus wherein 
said system bus includes a plurality oK^us lines for carrying 
substantially all address, data and contr^. information needed by 
said semiconductor device for communication\ith substantially 
every other semiconductor device connected to\aid system bus, 
and has substantially fewer bus lines than the nil^r of bits in 
a single address, said semiconductor device compri^ng 

connection means adapted to connect said Bd^iconductor 

device to said system bus, 

an internal input/output bus within said semicoi^uctor 
device having more lines than said system bus. 
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a means for multiplexing the lines of said internal bus 
the lines of said system bus, hereby said system bus can 
ruk\at a higher speed than said internal bus, and 

least one modifiable access-time register accessible 
to said system bus through said connection means, vhereby 
data may bk transmitted to said register via said system bus 
vhich establltehes a predetermined amount of time that said 
semiconductor device thereafter must wait before using said 
system bus in respb^se to a request 


122. The semiconductor device o 
semiconductor device is a m< 
substantially only to said System 
substantially all address, 
system bus. 


claim 121 wherein said 
ice v^ich connects 
lus and sends and receives 

ntrol information over said 


123. The semiconductor device of claim \21 further 
comprising at least two access-time registers and one of said 
access-time registers is permanently programmed tp contain a 
fixed value and at least one of said access-time re^sters can be 
modified by information carried on said system bus 


124 . A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus vrtierein said bus include! 
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pltxralltj of buB llnee for carrying siibstantially all address, 
i, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other sfe^conductor device connected to said bus, and has 

Lly fewer bus lines than the number of bits in a single 
address, and\:arries device-select information for said 
semiconductor d^ice without the need for a separate device- 
select line connect^ directly to said individual semiconductor 
device, wherein 8aid\ddress, data, control and device-select 
information is carried bver said bus in the form of request 


^ver 

packets and bus transactioH^s ,/8aid 
comprising 

connection meeois 
device to said bus, 

a means to receive Bt 


/adapts 


a means to decode informats 


Lconductor device 


connect said semiconductor 


St packets over said bus, 
said request packets. 


and 


125. The semiconductor device of claim 124 wherein said 
means to decode information in said request packet furtli^r 
comprises 

a means to identify and decode said control 
in said request packet. 



a means to respond to said information in said request 
packets . 
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\ a xoeans to identify and decode said device-select 

\ infoxmation in said request packet, . 

\ a neans to identify and decode said address information 
in said request packet and 

aNmeans to determine %^ether said control information 
or said address information instructs said semiconductor 
device to D)E^in a response. 

126. The semicomluctor device of claim 124 %^erein each of 
said bus transactions iSs. carried out in response to said address 
and said control inforxnati)a^'Tir^e of said request packets and 
wherein said means to identify a^ decode information in said 
request packets includes a mean^to identify a sequence of bytes 
on said bus as one of /said reqdest\packets containing said — 
address and said control iiiformayion\ said control information 
including information alSout the type of\sald bus transaction 
being requested and the access time which\ieeds to intervene 
before beginning said bus transaction over Mi.d bus and said 
address and said control information includes device-select 
information instructing one or more said semiconductor devices to 
respond to said address and said control information\. 

127. The semiconductor device of claim 124 further \ 
comprising \ 
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\ a plurality of sense amplifiers adapted to precharge to 

^ neans to hold said sense amplifiers in an unmodified 
state after latching one of said bits of information, 
a means to precharge said sense amplifiers and 
a meansVfor selecting %rtiether said semiconductor device 
should prechar^ said sense amplifiers or should hold said 
sense amplifiers^n an unmodified state. 

128. The semiconductor\d^ice of c;laim 124 %»herein said 
means to respond to said infoWatipn, vrtiere said information is 
control information, further comarises a means to 

transfer a d«yta block during a data block transfer, 

fxirther including a m^ns tjo \ 

read daWfrom said semiconductor device and 
write data into saicT^semicokductor device, and 
initiate a data block transfer, \ 
transfer a data block of a selected size, 
transfer a data block at a selected tiiae, 
access a control register, including a me^s to read 

from or write to said control register, or \ 
select normal or page-mode access. \ 

129. The semiconductor device of claim 124 further 
comprising a means to respond to said information in said 
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regu 


icket if said Infozmatlon includes a device identification 
nta>X>er unique to said semiconductor device. 


13v0. The semiconductor device of claim 124 further 
comprlsii^ a means to respond to said information in said request 
packet if said information includes a special device 
identification\number which calls for said semiconductor device 
to respond. 

131. The semiconi^ctor device of claim 124 further 
comprising a means to relsipond to said information in said request 
packet if said information "^eludes an address unique to said 
semiconductor device. 



132. The semiiconduj^tor device Vf claim 124 further 
comprising a meani~-t6 interpreV^said b^ntrol information and 
decode the time to wait before beginnin^said bus transaction 
over said bus. 


133. The semiconductor device of claim 124 further 
comprising a means to interpret said control information and 
decode the size of a data block to transfer during onfe^of said 
bus transactions. 
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134. The semiconductor device of claim 124, 125, 126, 127, 
1^, 129, 130, 131, 132 or 133 \dierein said semiconductor device 
Is aXmemory device %fhich connects substantially only to said bus 
and sends and receives substantially all address, data and 
control Information over said bus. 


13j5. A BCTdconductor device capable of use in a semi- 
conductor bus arls^hitecture including a plurality of semiconductor 
devices connected In parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device foyc^mmiini^ation with substantially every 
other semiconductor device donnecied to said bus, and has 
substantially fewer Jius linep^han v^e number of bits in a single 


address, and carrie 
semiconductor devic 


information for said 
:hout llhe n^d for a separate device- 
select line connected directly\to^sa^d individual semiconductor 
device, wherein said address, data, control and device-select 
information is carried over said bus in tK^ form of request 
packets and bus transactions, said semicondu^or device 
comprising 

connection means adapted to connect sai'^^ semiconductor 
device to said bus, 

a means to encode address and control information in 
said request packets and 
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a means to eend said request packets over aaid bus. 


\ 136. The semiconductor device of claim 135 further 
comprising a means to request a bus transaction vherein each of 
said buk transactions is carried out in response to said address 
and said Control information in one of said request packets, and 
wherein saidNmeans to encode information in said request packets 
includes a means to mark a sequence of bytes on said bus as one 
of said request p^kets, said control information including 
information about thk type of said bus transaction being 
requested and the acceskXl^e^v^v^^ needs to intervene before 
beginning said bus tran/adl^on over said bus and said address and 
said control information inc^^es device-select information 
instructing one or more sai/ s^conductor devices to respond to 
said address and said control information. 


137. The semiconductor device of dlaim 135 idierein one or 
more of said plurality of semiconductor (iisvices has a unique 
device identification number, said semicondi^tor device further 
comprising a means to send control informationNto a specific one 
of said plurality of semiconductor devices by including in said 
request packet a selected said device identificatioX^number. 


138. The semiconductor device of claim 135 %ffherein e^h of 
said plurality of semiconductor devices is adapted to respond to 
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special device Identification ntunber, said semiconductor device 
fiuther comprising a means to send control information 1:o each of 
said^lxirality of semiconductor devices by including in said 
request^packet said special device identification number. 

139. The\semiconductor device of claim 135 %rtierein one or 
more of said plWality of semiconductor devices is a memory 
device having a plurality of addresses, said semiconductor device 
further comprising a\aean8 to send control information to a 
specific address or ran^ of addresses in one of said plurality 
of semiconductor devices bv inc^^uding said specific address or 


range of addresses in said r< 


lest packet. 


140. The semiconductor devices, of claim 135 vherein at least 
one of said request packets is a req^est packet requesting a bus 
transaction which is followed by a cor^sponding one of said bus 
transactions, said semiconductor device norther comprising a 
means to encode said control information to\specify directly or 
indirectly the time between the end of said rei|uest packet 
requesting a bus transaction and said correspondiM bus 
transaction over said bus. \ 

141. The semiconductor device of claim 140 wherein ^e type 
of said bus transactions is a transfer of a data block, said 
semiconductor device further comprising a means to encode said 


High Performance Bus Interface -119- 


vcontrol information to epecify the size of said data block to 
sfer. 

The semiconductor device of claim 140 further 
comprising^a means to keep track of current and pending bus 
transactions ^^whereby collisions on said bus are avoided because 
said semiconductbr device avoids initiating bus transactions 
yhLch %rould conflict, with current or pending bus transactions. 


IQr 


143. The semicondug^r devi6e of claim 135 wherein said 
semiconductor device is a mapter device and one of said 

plurality of semiconductor dfa^ces is a second master device, 
further comprising 

a collisipn d^ecting meai\6 whereby said first master 
device when sending a first ^e ^ said request packets can 
detect said second master device siding a colliding one of 
said request packets, Mhere said collXding rec[uest packet 
may be sent simultaneous with the initi^^ sending of or 
overlapping the sending of said first requfe^t packet, and 
20 an arbitration means whereby said first "knd said second 

master devices select a priority order in i^ch^ch of said 
master devices will be allowed to access said bus 
sequentially. 
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144. The semiconductor device of claim 143 wherein said 
««niconductor device is a master device and at least one of said 
plurhlity of semiconductor devices is a master device, each of 
said m^ter devices has a master ID number and each of said 
request p^kets includes a master ID position vhich is a 
predetermined number of bits in a predetermined position in said 
request packet\and wherein said collision detection means 

comprises \ 

a means fot said semiconductor device to send its 
master ID number in said request packet and 

a means to detect a collision and invoke said 
arbitration means if tfaidXsemiconductor device detects any 
other master ID mimber ih Ipaid master ID position. 

145. The semicohductw/de|rice\of claim 144 wherein said 
system bus architecture^ncludes a m^ans for carrying information 
on said bus during bus cycles, said semiconductor device further 

comprising \ 

a means for driving a selected busline or lines during 
at least one selected bus cycle while sending each said 

request packet, \ 

a means for monitoring said selected bus\ine or lines 
to see if another said master device is sending one of said 
colliding request packets and \ 
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a means for informing all said master devices that a 
collision has occurred and for invoking said arbitration 
sans. 


146. Xhe semiconductor device of claim 145 ftirther 
comprising 

a meai^^, when sending a request packet, for driving a 
selected bus\ine or lines with a certain current during at 
least one selected^'fiu^^v^cle, 

a means tot mfemitorinlg said selected bus line or lines 
for a greate:/than nfe^Wl current to see if another said 
master devic'e is driy^kg that\line or lines, 
a means for d^e 

and 

a means for informing 


iting saidy greater than normal current. 


"all 


said master devices that a 
collision has occurred and for invoking said arbitration 
means . 


147. The semiconductor device of claim\^43 %rtierein said 
arbitration means comprises 

a means for initiating an arbitration ^cle, 
a means for allocating a single bus line\o each said 
master device during at least one selected bus c^le 
relative to the start of said arbitration cycle. 
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« means for allocating each said naster device to a 
.single bus line during one of said selected bus cycles if 
»ere are more master devices than available bus lines, 

a means for each of said master devices %mich sent one 
of s^ colliding request packets to drive said bus line 
allocat^to said master device during said selected bus 
cycle, and 

le of said master devices for 
Lch master devices sent one of 


at leasi 


jn/about vhJ 


a means i 
storing informat 
said colliding re^efe^ pack^^, 

whereby sa 
lines during s 
master device 
packets . 


i/d masterxd 
Ud arbitral 
lich s^t o 


ices can monitor selected bus 
►n cycle and identify each said 
said colliding request 


1 x 

148. The semiconductor device of clai^43 %*erein said 

arbitration means comprises 

a means for identifying each of said Wer devices 
which sent one of said colliding request pacd^ts, 

a means for assigning a priority to each s\w master 
device which sent one of said colliding request pii^ets, and 
a means for allowing each said master device wkch sent 
one of said colliding request packets to access the 
sequentially according to that priority. 
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